I. INTRODUCTION
Dilepton measurements in the energy domain of SIS100 and SIS300 are mandatory to establish a complete excitation function of the virtual photon radiation from dense nuclear matter over the whole energy region available at the current HI machines. Dielectron results obtained by the CERES collaboration at the lowest SPS energies of 40 AGeV display a large excess in the intermediate (0.14 < M < 0.6 GeV/c
2 ) mass region of dilepton pairs pointing to a strong source generated from the high density zone of HI collisions. A precise determination of this excess, however, depends on a precise knowledge of the hadronic cocktail, which for 2-40 AGeV, is dominated by the η Dalitz decay. Furthermore, a convenient normalization of the dielectron spectra is naturally given by the π 0 yield dominating the low mass region (M < 0.14 GeV/c 2 ). These two arguments require data on the inclusive cross sections π 0 and η mesons.
For the SIS18 energy range, production of neutral mesons has been studied extensively in HI collisions by the TAPS collaboration via photon calorimetry and in N − N collisions by various detectors at Uppsala, Saclay and COSY. However, no respective data are presently available for the energy range 8-40 AGeV, with the consequence that any interpretation of future dielectron data would have to depend solely on theoretical models, e.g. transport calculations or appropriate hydrodynamical models. In order to improve this situation we propose to measure the respective π 0 and η meson yields together with the dielectron data in p − p and HI collisions. Furthermore, photon measurement would be of large interest for the HADES strangeness program which address also spectroscopy of neutral Λ(1405) and Σ(1385) resonances in elementary and HI reactions.
These goals can be achieved by replacing the HADES Pre-Shower detector, located at forward angles (18 • < θ < 45 • ), with an electromagnetic calorimeter based on leadglass modules obtained on loan from the OPAL detector. An additional advantage of such a device would be the improvement of the electron/pion separation at large momenta (p > 400 MeV/c) as compared to the present situation. Note that at lower momenta the electron/hadron identification is provided by the RICH, RPC and TOF detectors already available in HADES.
The total area of the proposed HADES calorimeter amounts to about 8 m 2 and covers polar angles between 12
• and 45
• with almost full azimuthal coverage. The photon and electron energy resolution achieved in test experiments amounts to ≈ 6%/ √ E which is sufficient for the η meson reconstruction with S/B ratio of ∼ 0.4% in Ni+Ni collisions at 8 AGeV.
Below we present details of the detector layout, the support structure, the electronic readout and its performance studied via Monte Carlo Simulations and series of dedicated test experiments.
II. MECHANICAL STRUCTURE
The main aim of the mechanical construction is to support the modules of calorimeter and RPC detectors, keeping them in the proper position and locating them along the axis of the beam for precise positioning. The structure was determined by positioning the 6 modules array such to cover the polar angle from 12
• to 45
• , as shown in Fig. 1 . The spatial arrangement of the glass modules is shown in Fig. 2 . The calorimeter is composed of 978 modules, arranged in the 6 trapezoidal sectors. Each sector include 15 layers with modules.
The mass of each module is approximately 15 kg that leads to an overall mass of about 15
tones. To mount the modules a mobile platform is required. Easy movement and positioning will be provided by using linear bearing which have low motion resistance, high precision and repeatability of position. Thanks to this technology the platform can be man operated even when highly loaded. A view of the platform with description of elements is shown in Fig. 3 .
Each of the six sectors is hosted by a container made of stainless steel 1.4301 (X5CrNi18-10)
acc. EN 10088-3 (Fig. 4) . The container is mounted to the steel truss made of steel S355J2, acc. EN-10025-2 as shown in Fig. 5 . This operation is repeated for all six sectors. Due to large dimensions and weight of the construction, this will be transported in segments and assembled on the experimental site. The construction is dismountable in case of moving to another site. Installation of the modules will be available after assembling the construction.
The final assembly of mechanical construction is shown in Fig. 6 and 7. Once the 6 segments are in place, the RPC detector has to be mounted. The mounting of the RPC is conducted the rails located at a height of 248 mm, where 240 mm and 8 mm are the height of double-tee bar profile and of the pad of the profile, respectively. In the central part of the calorimeter there is a hexagonal hole which allows the insertion of a carbon pipe. The distance of the innermost sides of the hexagon is 900 mm. However, the clearance is reduced to 808 mm, because of mounting of the RPC. The length of rails mounted to move the Glass Calorimeter is 11 000 mm, which after pulling completely out the calorimeter from the HADES frame provides a free space of 4679 mm in-between (Fig 11) . A mating study has been carried out to avoid collision points between HADES and the glass calorimeter. At the design stage, an assembly of glass calorimeter with the HADES frame was made. Potential collisions were detected and removed. The final assembly of glass calorimeter in the HADES frame together with the HADES Cave is presented in Fig. 12 . This picture corresponds to the situation when the glass calorimeter is maximally pulled out. As it is shown in this figure, the space of HADES Cave has been fully utilized. 
A. Stress and deflection
The aim of finite element (FE) analysis was to check the level of stresses and deflections of the construction under load. The material of the supporting structure is stainless steel 1.4301 acc. EN 10088-3 and has the following properties:
• Yield stress, Rp0.2 = 190 MPa,
• Tensile stress, Rm = 500-700 MPa,
• Elongation, Amin = 22 %,
• Modulus of Elasticity, E = 193 000 MPa
Material of other components: steel S355J2 acc. EN-10025-2, with the following properties:
• Yield stress, Rp0.2 = 355 MPa
• Tensile stress, Rm = 470-630 MPa,
• Elongation, Amin = 45 %,
• Modulus of elasticity, E = 220 000 MPa To conduct FE calculations, a FE model was prepared with the MSC/Nastran program for Windows package. The model was created with the use of plate elements, which were generated on the mid-surfaces of the structure components. The boundary conditions were defined in the following way. Note that the cart is the carriage operating on the rail:
1. No translations along X axis in carts area.
No translations along Y axis (vertical direction) in carts area.
3. The interaction between segments for supporting glass was included.
4. The weight of the whole structure was taken into account 5. Only half of the model was used in FE calculations.
The stress values and the displacement have been obtained by the FE calculations. The outcoming 'von Mises' stress and displacements along particular axis are shown in Fig. 13 und 14. A maximal 'von Mises' stress value of 118 MPa is predicted in correspondence of the area where the cart is supported on the rail (see Fig. 13 ).The total translation in the three directions X-Y-Z is presented in Fig. 14. show that permissible stress values are not exceeded and translations which appeared in the structure are less than 0.8 mm.
III. MODULE PROPERTIES
The main element of the HADES EMC is the modified module from the OPAL end cap electromagnetic calorimeter [2] . Lead glass CEREN 25 [3] The PMT together with HV divider is fixed by retaining cup on the end plate. The end plate is connected to the aluminum quadratic ensuring that the mechanical structure of the module is more rigid. The can provides the mechanical support of the assembly via the end plate of the can that is secured by a rigid back plate. This support allows the individual assembly to be withdrawn from the array without removing or displacing its neighbors. The lead glass wrapping, the brass can and the space between the counters add additionally 2 mm in the transverse direction. Therefore the counters are mounted on a 94 mm pitch.
There are several options for the PMTs. At the present the 1.5" EMI 9903KB PMTs are used to read-out the prototypes. About 600 such PMTs, tested with a small size Na(Tl) scintillator and a radioactive source, are available for the calorimeter. The diameter is rather small to collect light from the rear side with size of 92x92 mm 2 . However, tests with larger size Hamamatsu H1949 PMT (2" diameter) did not show significantly better energy resolution, as shown in section VII. Also resolution > 5% at 1 GeV was achieved in the OPAL barrell detector using the lead-glass modules equipped with 3" phototubes [4] . It seems that other factors like fluctuations in the shower propagation limit the energy resolution. The tests will be continued to select the optimal PMT type. At present 35 pices of 3" Hamamatsu R6091 PMTs have beed ordered to test the performance, hence still 373 are missing (when counting 30 pieces as spares).
As for the HV power supply, we propose to use the CAEN SY1527LC HV system based on the 24 channels A1535 modules providing voltage up to 3.5 kV and current up to 3 mA.
At the present, more than 300 channels are available for the project.
IV. ELECTRONICS AND READ-OUT
The lead glass calorimeter read-out electronics is based on separate time and energy measurements. The input signal is split on the analog front-end board into fast and slow, shaped paths. The fast signal is delivered to a TDC (Time to Digit Converter) on a new development of the TRB [6] . This TRB3 will have up to 256 channels TDCs with 10 ps time resolution RMS between two channels, 10ns dead time, and hit buffer for hit storage. The amplitude of the shaped signal is measured by an ADC (Analog to Digital Converter) on the add on card attached on the TRB3. The add on card designed for the Shower detector is considered. The following parameters have been assumed for the calorimeter PMT signals: The digitizing board controls the parameters set on the front-end boards by separate slow control lines.
c. DAQ System After digitization of the signals by the TRB3 and the ADC card the data is combined to HADES-sub-events and sent to the HADES DAQ-system physically via optical links. The TrbNet protocol will be used for LVL1 trigger and slow control. Gb/s Ethernet will be used for the transport of the data to the event-builders. This HADES development is finished and can be reused for the calorimeter.
V. AGING STUDIES
Effects of radiation damage and recovery of CEREN 25 lead glass.
It is well known that the lead glass is damaged by ionizing radiation that creates the color centers [3] and causes the strong absorption of light in the near ultraviolet, visible and near infrared spectra. Usually UV light and temperature cycling was used to anneal the radiation damage in lead glass [5] . Detailed investigation of the radiation damage effects in CEREN 25 glass was done by OPAL collaboration [2] . Two full-size blocks of CEREN 25 with the length 520 mm were irradiated with the total absorbed dose of 10 Gy. The transmission of each block was studied with a blue light-emitting-diode, LED and compared with that of third block that was not irradiated. The relative transmission, T is the ratio of the optical transmission after and before the irradiation. Immediately after the irradiation, the relative transmissions of two blocks were measured to be 29% in both cases. The first block was stored at 0 • C for 4 days and after that the relative transmission increased to 42%. Then during 24 days the block stayed at the room temperature (25 • C) and T rose to
60%. Following further 16 hours at 120
• C the relative transmission recovered to 98%. The transmission of the second block was gradually increased up to 50% at room temperature during 50 hours after the irradiation. Then the block was illuminated with a 125 W Hanova fluorescence lamp and T was recovered to 91% in 20 days. More details about this study can be found in [2] . Taking into account the lead glass radiation damage it would be necessary to estimate the full absorbed dose for the modules in the HADES environment at SIS 100.
VI. SIMULATION OF THE LEAD-GLASS CALORIMETER
In order to assess the performance of the proposed electromagnetic calorimeter (EMC) design a dedicated simulation and reconstruction software was developed.
A. Implementation in HGeant
A calorimeter geometry was implemented in the HGeant code (GEANT3-based simulation framework used by the HADES collaboration) in accordance with the engineering drawing. EMC is planned to be installed approximately on a place of the SHOWER detector, directly behind the RPC planes. 142 individual calorimeter blocks are bound in one sector. Compared to the considered technical design one row of modules at high polar angles is missing. Each individual block consists of a lead-glass crystal (92x92x420 mm)
wrapped in a mylar foil and encased by a brass shielding. So far no support structures were implemented in the current version of the calorimeter geometry.
B. Tracing of Cherenkov photons
The simulation of the lead-glass calorimeter response can be split into two independent parts: 1) shower development in a module (production of secondary particles and Cherenkov photons) and 2) transport of Cherenkov photons. Note, that since individual calorimeter blocks are optically isolated, a Cherenkov photon is confined to the calorimeter block in which it was produced.
The transport of Cherenkov photons is a complex procedure that involves a set of processes: absorption of the photons inside the crystal volume and on the mylar wrapping, specular and diffuse reflection and refraction.
The input parameters for this part of the simulation are the following:
1. Refraction index of the lead-glass CEREN 25 (SF-5 in other nomenclature), n = 1.708;
2. Light attenuation length in a lead-glass crystal as a function of a Cherenkov photon energy;
3. Reflectivity of the mylar wrapping (specular and diffuse);
4. Refraction index of the optical grease, connecting the crystal and the PMT, n = 1.5;
5. Diameter (d = 3.6 cm) and quantum efficiency of a PMT (EMI 9903B).
During the testing of the simulation code, it was found out that GEANT3 fails to reproduce the expected energy resolution of the individual calorimeter block and its dependence to the energy of the incident particle (≈ 5%/ E/GeV). The reason of this malfunction was traced back to the Cherenkov photon transport procedure. To solve this problem a stand-alone Cherenkov photon transport code, developed by M. Prokudin, was employed [8, 9] . This code was demonstrated to describe the Cherenkov photon propagation correctly even for the very complicated calorimeter geometry.
Thus, the development of an electromagnetic shower and the Cherenkov photon production is performed by GEANT3, whereas the Cherenkov photon transport is delegated to a stand-alone program.
The tuning and testing of the simulation code was based on two experimentally known benchmarks: 1) the energy resolution of ≈ 5%/ E/GeV) and 2) as was shown by tests with cosmics (see Section VII), the response of an individual block (photoelectron yield) to a normally incident cosmic muon is equivalent to the response to a photon with an energy of 580 MeV.
Due to the large Cherenkov photon multiplicity-around a thousand produced photons per 1 GeV deposited energy-and the complexity of the processes involved, the photon transport demands a lot of CPU time. In order to make the simulation faster a look-up table approach was developed. A look-up table contains the averaged probabilities of the photoelectron production for the Cherenkov photon with a given set of parameters. In our case a 4-dimensional table was prepared, taking as relevant parameters the z-coordinate and transverse coordinate t = x 2 + y 2 of the photon production point relative to the center of the crystal, the photon emission angle θ and the photon energy .
To prepare the look-up table 3 · 10 9 trial photons were generated and traced. Their electron production probability. One can clearly see that, as expected, the probability to produce a photoelectron is highest for the Cherenkov photons produced close to the PMT entrance window (large z and small t). The right part of the Fig. 16 reveals the dependence of the light attenuation length on the photon energy.
As a final step, it was checked, that the 4D look-up table approach is able to reproduce the results obtained with the full transport of Cherenkov photons both for photons and hadrons bombarding the calorimeter block at different angles.
C. Occupancy considerations
The occupancy of the calorimeter modules was studied with simulations taking as an input 56 Ni+ 56 Ni collisions at 8 AGeV and impact parameter range b < 1 fm generated with the UrQMD transport code. The choice of the collision system and the impact parameter range ensures the highest possible multiplicity conditions to be studied with the HADES set-up. In order to cope with the high occupancy at low polar angles, a high-granularity version of the calorimeter geometry was considered in which the lead-glass crystals in the two innermost rows have lateral dimension that is one fourth of the usual crystal size. Right part of the In the following, results for the electron-pion separation and reconstruction of neutral mesons will be presented, as obtained in the standard version of the calorimeter geometry.
D. Electron-pion separation
An important function of the calorimeter is to improve the electron(positron)-pion separation at high values of particle momenta (p > 500 MeV/c). To achieve this, a cut on the E EM C /p ratio is employed, where E EM C is the energy, deposited by a particle in the calorimeter and p -the particle momentum, measured by the HADES tracking system.
As an input for the simulation events generated with the UrQMD program were used:
12 C+ 12 C and 56 Ni+ 56 Ni collisions at a kinetic beam energy of 8 AGeV.
As a first step, the coordinate of a track intersection with the calorimeter plane is calculated. The track is parameterized as a straight line crossing MDC planes III and IV. The finite spatial and momentum resolution of the tracking system is taken into account.
The E EM C is then calculated as an energy deposition in a 2 x 2 crystal matrix formed around a track-calorimeter intersection point. As an example, the E EM C /p distributions obtained with described procedure for Ni+Ni collisions at an impact parameter b < 2.5 fm for different regions of the particle momentum are shown on Fig. 18 . Fig. 19 , 20, 21 illustrate the purity of the electron identification (defined as the fraction of the leptons in the sample selected by applying a cut to the initial sample that contained the equal amount of electrons and pions) with help of the cut on the E EM C /p ratio at cut efficiencies of 85% and 75% (a cut efficiency defined as the fraction of the initial lepton subsample that satisfied the cut) as a function of the momentum for different colliding systems and different ranges of the impact parameter. In most cases, the calorimeter provides a sufficient degree of the pion rejection. The purity of the positron identification is worse as compared to electrons, due to the concentration of positrons in the inner part of the calorimeter, which has a higher charged particle occupancy.
It is clear, that the lepton identification will be based not only on the information coming from the calorimeter, but will exploit data from other detectors of the HADES ensemble as well. As an example of such cooperation, Fig. 22 shows the purity of the lepton sample that can be achieved applying a cut on E EM C /p ratio and a cut on the time-of-flight measured with RPC (assuming time resolution of σ t = 100 ps) simultaneously. Compared to the single EMC cut (cf. Fig. 19 , left) a much higher purity is achieved (above 90% for all values of the particle momenta). On the other hand, the purity delivered by the time-of-flight cut only (shown on Fig. 22 by a dashed curve) rapidly degrades for momenta values p > 550 MeV/c and becomes unacceptable. 
E. π 0 -and η-reconstruction
Besides improving the electron-pion separation, the calorimeter allows to measure photons. This opens a possibility to identify light neutral pseudoscalar mesons (π 0 and η) via their decay into two photons (a diphoton): π 0 , η → γγ. In this section we briefly discuss the developed photon identification algorithm and present simulated diphoton invariant mass spectra.
F. Photon identification
Within the current approach the photon identification is performed in several consecutive steps:
1. In order to suppress the contribution from charged particles, the crystals, spatially correlated with the RPC hits, are removed from the further analysis. 
G. Diphoton spectra
To investigate feasibility of the π 0 and η reconstruction, events coming from the Pluto generator were used to provide enough statistics (∼ 10 7 events) in a reasonable time. A A full simulation of the EMC detector and all other detectors of the HADES set-up was made and the simulation output was passed to the reconstruction algorithms. Diphotons were formed taking into account all possible combinations of the identified photons.
A combinatorial background was constructed with help of the mixed event technique:
uncorrelated pairs were formed taking the photons produced in different events. Afterwards, the background was normalized to the right tail of the invariant mass distribution The η-meson signal appears after background subtraction (Fig. 26) only. In order to study effects of energy resolution, simulations of C+C collisions employing energy resolution of 6%/ E/GeV and 9%/ E/GeV were performed. Resulting invariant mass distributions demonstrating the η-meson peak are shown in Fig. 27 . A systematic broadening of the signal is clearly visible. However, even with these values for energy resolution, the η-meson can be reconstructed.
H. Conclusions
Extensive simulations of the lead-glass calorimeter have shown that its performance satisfies the imposed requirements: the calorimeter provides necessary charged pion rejection power and allows reconstruction of the neutral pseudoscalar mesons in the diphoton invariant mass spectra. Further development and tuning of the reconstruction algorithms will The simulation will be continued to evaluate the effect of the detector configuration on the meson reconstruction.
VII. TEST RESULTS

A. Measurements of energy resolution at the MAMI accelerator (Mainz)
A dedicated test exploiting a photon beam with an energy between 0-1500 MeV was carried out to measure the energy resolution of detector modules.
Test conditions and setup
The test took place in the A2 hall of the MAMI-C facility in Mainz [10] . Detectors were positioned in the secondary gamma beam produced via Bremsstrahlung from a primary electron beam. The obtained gamma energy varies from 0 to the beam energy of the primary electron, with an intensity exponentially falling with increasing energy. Exception made for a study of the influence of the particle hit position on the resolution, the detectors were hit in the centre of their front side, and the beam proceeded along their longitudinal axis.
The beam diameter at the detector position was about 6 mm. The gamma energy was determined by measuring the scattered electron angle ("tagged electron" technique) [11] .
As a trigger, the signals from 8 selected scintillators in electron tagger has been used; in this way events with 8 known gamma energies in all range of energies up to the energy of the electron beam have been selected. Exception made for the energy response of the studied modules, the time signals from 8 taggers were included via a CAMAC based DAQ system to data stream, so that for each written event the gamma energy is known. The energy spread for the gammas for the tagged events was below 1%. This did not influence the obtained energy resolution of the tested lead glass modules.
Two electron accelerator settings were employed, one with an electron energy of 855 MeV and the second with 1508 MeV. The gamma beam intensity was about 5 kHz. A sketch of the test and DAQ setup is shown in Fig. 28 . The PMT signal was amplified and shaped with a shaping time of 0.5 µs with a MA8000 amplifier (produced at GSI Darmstadt), and then processed with an ORTEC AD811 11 bit ADC. 
Results
The measured pulse height distributions for one lead-glass module are shown in Fig. 29 for the run with higher electron energy settings. The distributions were then fitted by a The resulted resolution for all modules is about 6% at 1 GeV. The use of the light-guides does not help to increase the light detection, the measured pulse height is comparable with those from modules without the light-guide (see Fig. 30 ). No significant difference in resolution is obtained either. We also did not observe any influence upon the wrapping material on the resolution. The module equipped with the 2 inch Hamamatsu H1949 PMT 
C. Measurement at CERN
A further test experiment has been carried on in May 2010 at CERN on the T10 test beam-line of the PS synchrotron [12] . In this case, the purpose was to evaluate the electron/pion separation power of the lead glass modules, and to measure the time resolution which is essential for removing the hits caused by neutrons. 
Results
The response of one lead-glass module exposed to e − and π − beam with energies from 0.4 to 2 GeV is shown in Fig. 34 . On Fig. 35 the e − yield is scaled to be the same as for π − yield, and one can see more clearly difference in the response to different particles. Fig. 36 shows the relative energy resolution for electrons measured in this test. The energy calibration was done in the same way as described above for photon data. We observe an energy resolution of 6.9% for electrons at 1 GeV, while on basis of the photon test a resolution of 6% or better is expected. This can be caused by the bad shape of the electron peaks, with a long energy tail due to energy loss of electrons in air (≈ 15 m) and other detectors in the T10 area.
Electron distributions measured here look worse than gamma peaks (cf. with Fig. 31 ). The ability of the lead-glass detectors to separate electrons from pions was extracted from the data as shown in Fig. 35 . The electron/pion separation factor is defined as a number of pions outside of the electron peak divided by the total number of pions, assuming the same electron and pion abundancy. The result is displayed in Fig. 37 .
For the calculation of the separation factor of the RPC time-of-flight detector we assume a time resolution of 100 ps (sigma). The results show that the electromagnetic calorimeter will allow for an efficient π/e separation at higher momenta where the time of flight cannot be used. During this test, we also measured the time resolution of the lead-glass detector, 
VIII. SUMMARY
We propose to build the Electromagnetic calorimeter for the HADES spectrometer. It will enable to measure the data on neutral meson production, which are essential for interpretation of dilepton data, but are unknown in the energy range of planned experiments.
The calorimeter will improve the electron-hadron separation, and will be used for detection of photons from strange resonances in elementary and HI reactions.
Detailed description of the detector layout, the support structure, the electronic readout and its performance studied via Monte Carlo simulations and series of dedicated test experiments is presented.
The device will cover the total area of about 8 m 2 at polar angles between 12
• with almost full azimuthal coverage. The photon and electron energy resolution achieved in test experiments amounts to ≈ 5-6%/ √ E which is sufficient for the η-meson reconstruction with S/B ratio of ∼ 0.4% in Ni+Ni collisions at 8 AGeV. A purity of the identified leptons after the hadron rejection, resulting from simulations based on the test measurements, is better than 80% at momenta above 500 MeV/c, where time-of-flight cannot be used.
